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METHOD AND DEVICE FOR ADAPTING /TIMING SIGNAL TRANS IT TIMES ON 
T.INE SYSTEMS OR NETWORKS BETWEEN INTEGRATED CIRCUITS 

Background of the Invention : 
Field of the Invention : 
The invention relates to a method and to a device for 
adapting/ tuning signal transit times on line systems or 
networks between integrated circuits which are mounted on 
printed circuit boards, in particular high-speed memory 
modules, and to a memory group which can be manufactured using 
the latter. 

In high-speed memory modules, so-called high performance 
DRAMs, the signal transit times of different networks or 
signal transmission lines must be tuned to one another, at the 
module or system level, within a few picoseconds in order to 
ensure the desired speed and efficiency of the memory module. 

Such differences in transit times are mainly influenced by the 
capacitive element of the individual housings with which a 
memory module is equipped. However, due to manufacturing 
process limits, the individual components can be tuned to one 
another and to the printed circuit board only within an order 
of magnitude of approximately 2 0 fF. This is sufficient for a 
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maximum delay time window of approximately 20 ps. The fine 
tuning must be carried out on the application chip after 
appropriate measurement . It is usually necessary to repeat 
this measuring and tuning step. If relatively small delay time 
5 windows and finer tuning are necessary, it has until now been 
the practice to make use of expensive base materials such as 
ceramics and/or to apply C4 mounting techniques. 

Summary of the Invention : 

L0 It is accordingly an object of the invention to provide a 
cost-effective, simple and flexible method, a device for 
carrying out the method, and a memory module that can be 
manufactured by the method which overcomes the above-mentioned 
disadvantageous of the prior art apparatus and methods of this 

15 general type. In particular, it is an object of the invention 
to provide a method, a device for carrying out the method, and 
a memory module which can be manufactured by the method, with 
which delay time windows of less than 2 0 ps can be implemented 
on a printed circuit board made of conventional FR-4 material 

2 0 when any desired chips are applied, without performing 

capacitive fine tuning after mounting the chips and measuring 
the delay time on the module. 

With the foregoing and other objects in view there is 
25 provided, in accordance with the invention a method of the 
generic type having the following steps: 
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A) printed circuit boards are provided with capacitive load 
structures on at least one conductor track path of the line 
system or network in the vicinity of the housing or housings 
of the integrated circuit or circuits; 

B) all of the relevant delay or signal transit times on the 
network or the line system between the integrated circuits are 
measured; and 

C) specific capacitive load structures are selectively 
disconnected from the at least one conductor track path 
depending on the measurement result in step B, in order to 
minimize maximum signal delays which occur. 

In accordance with an added feature of the invention, steps B) 
and C) can also be implemented repeatedly. 

In accordance with an additional feature of the invention, the 
capacitive load structures which are provided on the printed 
circuit board on at least one of the lines of the network in 
the vicinity of the housing or housings of the integrated 
circuit or circuits can have a capacitance in the sub- 
femtofarad range. This enables extremely small delay time 
windows of less than 5 ps to be obtained on conventional FR-4 
material . 
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In accordance with another feature of the invention, the 
selective disconnection step for disconnecting specific 
capacitive load structures is preferably carried out by means 
of laser cutting. In this way, with the method according to 
the invention, individual ones of the capacitive load 
structures provided in the vicinity of the housing footprint 
area can be selectively disconnected from the line paths by 
laser cutting after measuring the delay times of the 
individual line paths which are part of the network, and the 
maximum transit time delays which occur can thus be minimized. 

The connections of the capacitive load structures to the 
actual signal transmission lines of the networks must not be 
covered with solder. This is in order to permit performance of 
laser cutting which known in the art in printed circuit board 
production. 

In accordance with a further feature of the invention, the 
method can also be used to adapt signal transit times on line 
systems or networks between high-speed DRAM memory modules 
mounted on printed circuit boards, without previous tuning of 
the memory modules . The method can be used with chips and 
housings which are tuned differently, with a plurality of DRAM 
modules disposed on one printed circuit board which have 
different materials, and can also be used to compensate 
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manufacturing tolerances of printed circuit boards and/or chip 
housings. Because the fine tuning is possible after the 
printed circuit board is equipped, parts whose respective 
transit time specifications do not comply with the 
5 specification range can be subsequently repaired and do not 
need to be discarded. This makes it possible to increase the 
yield when the delay time window is small. 

In addition, the manufacturing tolerances of the printed 
-10 circuit board and of the chip housing which are difficult to 
influence can be compensated. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention a device which is 
L5 suitable for carrying out the inventive method that includes, 
in combination: 

- securing means for securing at least one printed circuit 
board which is equipped with an integrated circuit or circuits 
2 0 and which is provided with capacitive load structures on at 

least one conductor track path of a line system or network in 
the vicinity of the housing or housings of the integrated 
circuit or circuits; 



25 - measuring means for measuring relevant delay or signal 
transit times on the networks or line systems between the 
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integrated circuits on the printed circuit board or boards, 
and 

- disconnection means for selectively disconnecting specific 
5 capacitive load structures in such a way that maximum signal 
delay times measured by the measuring means are minimized. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention a memory module 
10 which can be manufactured with the method according to the 
invention described above. The printed circuit board is 
provided with disconnectable line structures, such as surfaces 
or vias, on at least one conductor track in the vicinity of 
the housing footprint area of the memory module . The conductor 

L5 track is part of a signal transmission network or line system 
which transmits signals to and from the memory module. The 
disconnectable line structures forming a capacitive load with 
respect to the conductor track and the housing of the mounted 
memory module. Certain ones of the capacitive load structures 

2 0 are selectively disconnectable at conductor tracks with a 

maximum signal delay in order to minimize known maximum signal 
transit times. 

Other features which are considered as characteristic for the 
25 invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in a method and device for adapt ing/ tuning signal 
transit times on line systems or networks between integrated 
circuits, it is nevertheless not intended to be limited to the 
5 details shown, since various modifications and structural 

changes may be made therein without departing from the spirit 
of the invention and within the scope and range of equivalents 
of the claims. 

10 The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

15 

Brief Description of the Drawings : 

Fig. 1A shows a plan view of a memory module; 

Fig. IB shows an enlarged plan view of a portion of the memory 
20 module enabling capacitive load structures to be seen; 

Fig. 2A shows a schematic front view of a device designed to 
carry out a measuring step of the inventive method; 

25 Fig. 2b shows a schematic plan view of the device designed to 
carry out the measuring step of the method; and 

-7- 



GR 00 P 1209 



Fig. 2C shows a schematic view of a device designed to carry- 
out a step of selectively disconnecting specific capacitive 
structures . 

5 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1A thereof, there is shown a plan 
view of a printed circuit board 1 which is equipped with 
-10 memory modules 2 (for example eight) . The printed circuit 
board 1 can be composed of a customary FR-4 material . 

According to Fig. IB, conductor track paths 3-9, which are 
part of a network, for example a data or address bus, 
-15 connecting the memory modules 2, have capacitive load 

structures in the form of printed conductor surfaces 16 which 
are connected to one another and to a respective conductive 
track 3-9 by means of thin printed connecting lines 20. In a 
similar way, capacitive load structures may be provided in the 
20 form of vias 18 which are also individually connected by means 
of thin, printed-on connecting lines 21 with respective 
conductor track paths 3-9. 

According to the invention, after measurement of the relevant 
25 delay or signal transit times of the networks or lines between 
the memory modules 2 which are mounted on the printed circuit 
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board 1, specific capacitive load structures, i.e. individual 
conductor surfaces 16 and/or vias 18, can be selectively 
disconnected in order to minimize the maximum signal delays 
which occur. In order to disconnect the conductor surfaces 16 
5 or the vias 18, the thin connecting lines 2 0 and 21 are 
respectively disconnected by means of a cutting laser. 

The delay times can be tuned or compensated in a delay time 
window of less than 2 0 ps by measuring the delay or signal 
10 transit times on the signal transmission lines of a network 
between the integrated circuits, i.e. the memory modules 2, 
and by selectively disconnecting the capacitive load 
structures. The steps can also be carried out repeatedly. 

15 The capacitive load structures, i.e. the conductor surfaces 16 
and/or the vias 18, shown in Fig. IB can thus be embodied in 
such a way that their capacitance lies respectively in the 
femtofarad or sub-f emtof arad range with respect to the chip 
housing in question. 

20 

Figs. 2A, 2B and 2C are respective schematic views of a 
configuration designed to carry out the method according to 
the invention. Figs. 2A and 2B respectively show, in a front 
view and a plan view, the measuring of delay times or signal 
25 transit times on the networks which connect individual 
integrated circuits to one another. For example, such 
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integrated circuits can be memory modules 2 mounted on a 
single printed circuit board 1 as shown in Fig. 2B or on a 
plurality of printed circuit boards 1 as shown in Fig. 2A. 
Fig. 2C shows the disconnection of capacitive load structures 
5 16, 18. 

A plurality of printed circuit boards 1, as shown in Fig. 2A, 
can be mounted here on one motherboard 15, or the measurement 
can be carried out on a single printed circuit board 1 as 

10 shown in Fig. 2B. The measuring means 12 are provided with 

measuring sensors which provide a low-capacitance, i.e. purely 
ohmic, contact with the individual conductor tracks of a line 
system or network of interest, specifically at the plug 
contact of the individual memory modules at the individual 

L5 module level or motherboard level. 

Furthermore, Figs. 2A and 2B show securing means, for example 
a table 10 which is designed to secure at least one printed 
circuit board 1 . 

20 

Fig. 2C shows a device which is designed for carrying out the 
method according to the invention, during the execution of a 
disconnection step. During the disconnection step, individual 
connecting lines 20, 21 (Fig. IB) on the printed circuit board 
25 1 are selectively disconnected by means of a cutting laser 14 
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in accordance with the measurement result determined with the 
configuration shown in Figs. 2A and 2B . 



Fig. 2C shows clearly that the disconnection of connecting 
5 lines can be carried out from both sides of the printed 
circuit board by laser 14 . 

It is to be noted that the connecting lines 20, 21 (shown in 
Fig. IB) of the capacitive load structures with the actual 
10 conductor tracks must not be covered with solder. This is in 
order to permit the preferred laser cutting according to the 
invention . 

The method according to the invention permits extremely small 
15 delay time windows of less than 5 ps to be obtained on 

conventional FR-4 material of the printed circuit board. The 
present method makes it possible to balance chips and housings 
which are not tuned or are tuned differently, even when chips 
and housings are manufactured using different process 
2 0 technologies, and even when the individual components on a 
printed circuit board have different materials. 

Because the fine tuning with the method according to the 
invention is carried out after the printed circuit board is 
25 equipped with the memory modules, components which do not 

comply with a specification range can be subsequently repaired 
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and do not therefore need to be rejected. This permits the 
manufacturing yield to be increased when there is a small 
delay time window present. 

5 In addition, the manufacturing tolerances of the printed 

circuit boards which cannot usually be influenced, and those 
of the chip housings which are difficult to influence, can be 
compensated with the method according to the invention. 

10 It is to be noted that the configuration illustrated in Figs. 
2A, 2B, and 2B shows a basic configuration in schematic form 
only, and that details of the configuration can be implemented 
differently therefrom provided that they do not deviate from 
the features of the appended claims. 
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